Objective-To determine the eVect on fatality rates in crashes of installation of shoulder belts in automobile back seats. Methods-During 1988-96, fatalities to rear outboard seat occupants of passenger cars, classified by age of occupant and vehicle curb weight were matched to data on model year in which shoulder belts became standard equipment. The same data were obtained from the same years on back seat occupants in crashes from the Crashworthiness Data System. Weighted regression was performed on death rates per occupants in crashes by belt equipment, occupant age, and vehicle weight for all occupants and occupants who claimed to be restrained. Results-The risk of death is significantly lower in vehicles equipped with shoulder belts, midsized to larger cars, and among children. Claimed child restraint use is higher in cars with shoulder belts and claimed use of shoulder belts is higher among adolescents and young adults but lower among those 35 and older. However, older occupants have lower death rates in shoulder belt equipped cars. Conclusions-Shoulder belts substantially reduce risk of death relative to lap belts at prevalent use rates in each age group. Belt eVectiveness when used cannot be estimated precisely because of invalid claimed use, but the lowered rates among vehicles with shoulder belts indicates that eVectiveness given prevalent use is far more eYcacious than lap belts without shoulder belts. (Injury Prevention 1999;5:62-64) 
Although the eVect of seat belts in reducing injury to vehicle occupants in crashes is well grounded in physics, and can be demonstrated in crash tests, epidemiological research has produced an astonishing variation in estimates of their eVects in on-road crashes. Old studies of eVectiveness of belts when used, produced estimates ranging from an adverse eVect to 80% injury reduction. 1 Recently, a claim of 89% belt eVectiveness in reducing fatalities was sent to the United States Congress by the current Administrator of the National Highway TraYc Safety Administration. This claim was based on matched hospital and police records in the Crash Outcome Data Evaluation System (CODES) project. 2 Studies comparing belt users and non-users within the same vehicle at the time of impact 3 and the use of belts in traYc by model year and calendar year in relation to death rates 4 indicate 40%-45% eVectiveness of lap/shoulder belts in fatality reduction.
While some of the variation in eVectiveness estimates in recent studies may be due to diVerent configurations of belts, such as slack introduced by "windowshade devices" in certain American models, 5 and lack of use of lap belts when shoulder belts automatically encircle front occupants, there are also biases in the data systems that are used to estimate belt eVectiveness. The severity of cases selected, and the misreporting of belt use in relation to severity, can substantially bias the eVectiveness estimates. Small diVerences in claimed use by non-users among the less severely injured results in large overestimates of belt eVectiveness when used. 1 The introduction of seat belt use laws has undoubtedly increased post-collision claims of use to police oYcers by non-users, probably accounting for the inflated CODES estimates. Police assessments of injury severity are not well correlated with clinical severity coding 6 other than fatalities, and inclusion of all police reported injuries, or "severe" plus deaths, 7 results in truly severe injuries being overwhelmed in number by injuries to limbs that torso restraining belts of any type would not prevent.
Back seats of the majority of vehicles sold in the United States before the late 1980s had no shoulder belts. When the National Transportation Safety Board documented a set of injuries to lap belted occupants in rear seats that likely would have been reduced by shoulder belts, 8 the study was attacked because of sample size, representativeness, etc. 9 The issue of the additional protection aVorded by shoulder belts was lost for a time in attempts to defend lap belts. The estimated eVectiveness of lap belts in rear seats, when used, have ranged from 18% 10 to 40%, 11 the latter based on data that contain the biases in belt use claims and police miscoding of severity noted above. During 1987-89 vehicles equipped with shoulder belts in rear seats increased substantially. By 1990, all new passenger cars sold in the United States, except convertibles, were required to have shoulder belts at outboard seating positions.
Recently, attendees at two injury conferences have been presented with claims that the addition of shoulder belts did not increase protection to back seat occupants. The methodology of these reports included many of the mistakes of the past. Unverified police reports of severity of injury and belt use were used. 7 In an analysis of the Fatal Accident Reporting System (FARS), most of the cases that claimed to use shoulder belts in rear seats were in vehicles that did not have them installed. 12 That claim of no additional eVect of shoulder belts was based on miscoded belt types.
Although shoulder belts are unlikely to be discontinued based on such "research", parents who are encouraged to restrain their children in back seats, and adults who occasionally sit there, need information on the reduced risk, if any, of such restraint use. It is important to examine the eVect for both children and adults to be sure that if one age group is aVorded increased protection, it is not oVset by an adverse eVect in the other age group.
This paper reports a study of risk of death in crashes among vehicles with and without shoulder belts in back seats, controlling for occupant ages, vehicle size, vehicle age, and claimed belt use. Although the issue of misreported use is not resolved, the net eVect of the equipment, that is, the eVect of the combination of use and eVectiveness when used, is clarified.
Methods
Data from two United States databases, the Crashworthiness Data System (CDS) and the FARS, were combined to produce rates of death per crash exposure for combinations of equipment, occupant age, vehicle weight, and vehicle age. CDS is a nationally representative sample of towaway crashes in the United States, concentrating on vehicles up to five years old. 13 Exposure to crashes to rear seat occupants, by claimed belt use, in 1987-97 passenger cars among categories of the mentioned factors during the first five years of vehicle use was tabulated from the 1988-96 CDS files. The national estimate was obtained by summing the sampling ratio for each case (1997 models that went on sale in Fall, 1996 are included).
FARS is a census of virtually all of the fatalities that occur on public roads in the United States. 14 Fatalities to occupants of back seats were summed in the same calendar years among the same categories of equipment, age, vehicle size, vehicle age, and claimed belt use as those obtained from CDS.
Rates of death per 10 000 rear occupants of rear outboard seats, excluding convertibles, in crashes were then calculated and analyzed by weighted regression. Since the CDS is a sample and there is substantial variation in sample size among the categories of predictor variables, the rates were weighted in each combination of categories of predictor variables by dividing sample size in the category combination by p(1− p) where p = the fatal rate per estimated number in crashes.
To reduce coding error as to equipment available, lists of vehicles by make and model year during 1987-89 were examined to determine when shoulder belts were installed in back seats. 15−17 The vehicles in CDS and FARS were compared with the lists and the vehicle was classified as having lap only or lap/shoulder belts. During the period studied, make and model of vehicle and seating position of occupants were unknown for fewer than 1% of cases. Age of occupant was unknown for about 2% of occupants and belt use was coded as "unknown" in about 7% of cases. As noted, the latter is not accurate.
Results
The death rates by occupant age and belt equipment are shown in fig 1. In each age category, the death rates in vehicles equipped with shoulder belts are substantially less than in those with lap belts only. The data, including categorization by vehicle size, is presented in table 1. A weighted regression of the logarithm of the rates, separately for all crashes and crashes in which belt use was claimed, is presented in table 2. Because the eVect of occupant age and vehicle size is non-linear, the log of the rates was analyzed. Each of these factors contribute to diVerences among rates, but the data fit the model much better when all cases are considered rather than when claimed belt use is considered. Controlling for the other factors, death rates are lower in vehicles with shoulder belts, are lower among children and highest for those 45 and older, and are lower among occupants of midsized and larger cars. Figure 2 presents claimed restraint use by occupant age. Child restraints are claimed to be used more in crashes of cars with lap/ shoulder belts (71%) than those with lap belts (46%). Restraint use is claimed more often in lap/shoulder equipped cars by occupants up to age 34 and the use of lap belts is claimed more often by occupants 35 and older. However, only 16% of the occupants were 35 and older. About 46% of the occupants were less than 15 years old.
Because older vehicles may have less belt use and be less crashworthy due to improvements in designs of later models, the eVect of vehicle age was examined in combination with age of occupants and belt equipment. No significant eVect of vehicle age was found.
Discussion
The apparent reduction of death in rear seats associated with installation of shoulder belts could be partly the result of increased belt use in vehicles equipped with shoulder belts. Claimed use and eVect, however, are not consistent among occupants 35 years and older. Although older occupants claim to use shoulder belts less than lap belts, their deaths are lower in shoulder belt equipped cars. The reduced deaths and claimed belt use are more consistent for children and young adults, but claimed use may not be precisely accurate in those age groups as well. Nevertheless, since the death rate is reduced by the combination of eVectiveness and use in all age groups, the reduced deaths associated with installation of shoulder belts clearly indicates their superiority to lap belts.
Shoulder belts reduce severity of injury because they distribute loads in crashes over more belt surface. Therefore, the load is less concentrated at any point on the belts. Claimed use is likely invalid in suYcient instances such that attempts to evaluate the eVectiveness of belts based on claimed use in the era of belt use laws will produce invalid estimates. Because death rates in cars equipped with shoulder belts in rear seats are substantially lower than in cars equipped with lap belts at prevalent use rates, shoulder belt users can be assured of less risk. Lap/shoulder Lap-child seat Lap/shoulder-child seat
